The microstructure of EBR-II neutron-irradiated austenitic stainless steel 304 and nickel-base alloy X-750 was investigated. Both alloys were irradiated at low dose rates (~2 Â 10 À8 dpa/s) to a neutron fluence of 6.9 Â 10 22 n/cm 2 (E > 0.1 MeV) at 371e389 C. Different types of defects, including Frank loops, cavities, and precipitates were characterized. The Frank loops in Type 304 stainless steel (SS) are larger in size (~50 nm in diameter) and lower in number density (2.58 Â 10 21 m À3 ), compared to most previous higher dose rate neutron irradiation studies. The Frank loops in X-750 have an average size 26.0 nm of and a number density of 9.44 Â 10 21 m À3 . In 304 SS and X-750, cavities are of~20 nm and~14 nm in diameter, respectively. The swelling of both alloys was found to be insignificant. In 304 SS, Ni and Si were found enriched at the cavity surfaces and Ni,Si-rich precipitates were also found. Multivariate statistical analysis using non-negative matrix factorization reveals that these Ni,Si-rich precipitates contain onlỹ 5.7 at.% Si, differing from the Ni 3 Si g' precipitates found in several previous studies. In X-750, L1 2structured g' precipitates were found, and multivariate statistical analysis confirmed the 3:1 stoichiometry (Ni 3 (Ti,Al)) of the g' precipitates and the superlattice reflections confirmed the stability of the crystal structure of these g' precipitates, indicating higher-than-expected precipitate stability under high-dose neutron irradiation.
Introduction
In 1960s, the EBR-II reactor materials surveillance (SURV) program was initiated to test the performance of fifteen different alloys, including Aluminum Bronze-Ampco Grade 18, Stellite 6B, Inconel X-750, T-1 tool steel, Type 304, 308, 347, 416, 420, 17e4 PH stainless steels (SSs), Beryllium Copper Berylco 25, and Tantalum, under reactor irradiation and thermal aging conditions. Five different types of specimens were tested: tensile test specimens (code T), hardness and corrosion specimens (code V), bend test specimens (code W), impact specimens (code X), coil spring specimens (code Y), and Belleville spring specimens (code Z). Ten subassemblies (SURV-1 to SURV-10) were loaded into EBR-II in 1965. Eight out of the ten subassemblies were irradiated in row 12 of EBR-II to a variety of doses, and two other subassemblies (SURV-6 and SURV-7) were placed in the primary storage basket and experienced sodium and thermal aging at~370 C with minimal neutron exposure. The results of SURV-1 [1] , SURV-2 [2] , SURV-3 [3] , SURV-4 and SURV-6 [4] , and SURV-5 [5] can be found in previous technical reports. It should be noted that little microstructure information was provided in these reports, which is required to understand the reported property changes after neutron irradiation. This study is the first attempt to investigate the irradiated microstructure of two of the highest-dose SURV specimens, austenitic 304 stainless steel (SS) and nickel-base alloy X-750, utilizing advanced electron microscopy and spectroscopy.
Austenitic stainless steels such as Type 304 SS have broad applications in nuclear reactors. For instance, Type 304 SS is used for core structural and piping in pressurized water reactors (PWRs) [6] . During service, these structural components experience high neutron flux at temperatures close to 300 C and their microstructure, dimensional stability, phase stability, and mechanical properties can undergo significant changes. The neutron irradiation performance of austenitic SSs have been previously investigated [7e34] and the overall trend of the irradiated microstructure can be summarized as: (1) high-density small black-dots and faulted Frank loops at low temperatures; (2) unfaulted loops and network dislocation, voids, and radiation-induced segregation and precipitation at intermediate temperatures; (3) intergranular helium bubbles at high temperatures.
Nickel-base alloy X-750 is a precipitation-hardenable alloy widely used in PWRs and boiling water reactors (BWRs) as core internals [35] , and CANDU reactors as spacer material [36] . The degradation of X-750 induced by the combination of stress, reactor irradiation, and temperature can compromise the structural integrity and safety operation of nuclear power plants.
To date, the intergranular stress corrosion cracking (IGSCC) of X-750 has been reported in light water reactors [37] . Embrittlement of X-750 has also been found after irradiation in CANDU reactors. However, little microstructural information was provided in these studies and the irradiated microstructure of X-750 is desired in order to understand the degradation processes from the microstructural level. For instance, the Ni 3 (Ti,Al) (also known as g') phase with an ordered L1 2 structure is the most important strengthening phase for X-750 but the stability of this phase under neutron irradiation is unknown. A previous in situ 1 MeV Kr þþ ion irradiation study on X-750 [36] observed disappearing of the superlattice spots, indicating the disordering/dissolution of the ordered g' precipitates at very low dose (~0.06 dpa) at temperatures below 400 C. Most recent studies [38, 39] suggested that for X-750 preimplanted with 5000 appm helium and followed by 40 MeV Ni þ ion irradiation to 1 dpa at room temperature (RT), g' were found partially dissolved: superlattice spots disappeared in the diffraction patterns but the chemical composition of the g' precipitates did not changed significantly (only noticeable change near the peak dose region). However, the g' superlattice spots were still found for similar irradiation at 400 C, indicating no/little disordering at higher temperatures [38, 39] . These ion irradiation studies used different experimental setup (in situ thin foil irradiation vs bulk irradiation with pre-implanted helium), different ions with very different energies (1 MeV Kr þþ vs 40 MeV Ni þ ), and the dose rates are several orders of magnitude higher than actual neutron irradiation. It is thus unclear whether similar disordering/dissolution of the g' precipitates will happen under neutron irradiation.
Besides the stability of g' precipitates, other radiation-induced defects, such as dislocation loops and voids, can also have profound impact on the materials properties, e.g. mechanical strength, ductility, dimensional stability, etc. Systematic characterization of the irradiated microstructure is thus desired. In this study, the microstructure of EBR-II neutron-irradiated Type 304 SS and nickel-base alloy X-750 was characterized by transmission electron microscopy (TEM) and scanning transmission electron microscopy with energy dispersive X-ray spectroscopy (STEM-EDS).
Experimental
The neutron-irradiated 304 SS and nickel-base alloy X-750 specimens were extracted from the SURV-10 subassembly, and the estimated neutron fluence for both samples was 6.9 Â 10 22 n/cm 2 (E > 0.1 MeV). The fluence was equivalent to approximately 24.15 displacement per atom (dpa), and the peak dpa rate of the SURV subassemblies was about 2 Â 10 À8 dpa/s [27] . The average irradiation temperature was 371e389 C. During irradiation, the 304 SS specimen was exposed to liquid sodium environment, and the X-750 specimen was exposed to helium environment.
The nominal chemical composition (in wt.%) of 304 SS and X-750 is Fee18.57Cre9.46Nie1.17Mne0.57Sie0.056Ce0.16Moe0.015P-e0.009Se0.013Sne0.003 Pb, and Nie14.7Cre6.52Fee2.54Tie0.78Ale0.94Nbe0.03Ce0.55Mne0.09-Cue0.27Sie0.007S, respectively. The 304 SS was the same material as EBR-II cover plate and was annealed and stress relieved at 468e496 C for 2 h before irradiation. The X-750 alloy underwent relatively complicate heat treatment [1, 27] : the alloy was annealed starting at 427 C and heated to 1149 C at 149 C/h, held at 1149 C for 4 h, followed by air-cooling and rough machining. Then the alloy was age hardened by heating from 427 C to 885 C at 149 C/h, and held at 885 C for 24 h and air cooled. The alloy was finally reheated from 427 C to 704 C at 149 C/h, held at 704 C for 20 h, and air cooled. The final hardness of X-750 is 37e40 Rockwell C. For post-irradiation examination (PIE), the neutron-irradiated 304 SS and nickel-base alloy X-750 TEM lamellae were prepared using a FEI Quanta 3D FEG DualBeam focused ion beam/scanning electron microscope (FIB/SEM). TEM lamellae were lifted out and thinned to~100 nm in thickness using 30 keV Ga ion beam, followed by cleaning with 5 keV and finally 2 keV Ga ion beam. The TEM and STEM-EDS characterization was carried out using a FEI Themis Titan 200 FEG STEM equipped with super-X EDS system and operated at 200 kV. To quantify the defect number density, the average thickness of each TEM lamella was measured by electron energy loss spectroscopy (EELS) in energy-filtered TEM (EFTEM) mode, using a FEI Tecnai TF30-FEG STwin STEM operated at 300 kV. All measured TEM lamella thicknesses are in the range of 120e180 nm.
Results and discussions
For 304 SS, the irradiated structure mainly consists of dislocation loops and cavities, similar to those reported in previous neutron irradiation studies on austenitic SSs [12, 15, 18, 20, 26] . Fig. 1 shows TEM bright-field (BF) and weak-beam dark-field (WBDF) images of the dislocation loops and several small cavities in irradiated 304 SS. As shown in Fig. 1 , when imaged near [011] zone, loops with ð111Þ or ð111Þ habit planes appear as edge-on and are perpendicular to g 111 , and loops with ð111Þ or ð111Þ habit planes appear as edge-on and are perpendicular to g 111 , and loops with ð111Þ, ð111Þ, ð111Þ, or ð111Þ habit planes appear as elliptical and the major axis direction is perpendicular to g 200 . Therefore, it is confirmed the habit plane of these loops are {111} planes. In addition, the faulted nature can be seen by the fault contrast [41] in the WBDF image in Fig. 1 (b) . Therefore, these loops are Frank faulted loops, which have also been found in previous studies on neutron-irradiated austenitic SSs [12] .
In addition to Frank loops and cavities, a significant number of precipitates were found in irradiated X-750, as shown in the STEM high angle annular dark field (HAADF) and BF images at different magnifications in Fig. 2 . These precipitates were later confirmed to be L1 2 -structured Ni 3 (Ti,Al) g' precipitates. From the high-mag image in Fig. 2 (c) , it is interesting that compared to the matrix, the g' precipitates contain a higher density of dislocation loops.
Radiation-induced Frank loops
Rel-rod dark field (DF) is a well-known technique for the characterization of Frank loops in irradiated Face Centered Cubic (FCC) materials [20, 24, 42] . Fig. 3 r tot y2 ðr ð111Þ þ r ð111 ÞÞ, where r tot is the total loop density, r ð111Þ is the number density of ð111Þ loops and r ð111 Þ is the number density of ð111Þ loops. For Frank loops on ð111Þ plane, the measured average size is 48.16 nm with a standard deviation of 29.02 nm, and the density is 5.93 Â 10 20 m À3 . For Frank loops on ð111Þ plane, the measured average size is 52.47 nm with a standard deviation of 28.56 nm, and the density is 7.0 Â 10 20 m À3 . It can be seen that the Frank loops are basically uniformly distributed in each {111} plane. The average size of all measured Frank loops is 50.5 nm and the standard deviation is 28.8 nm, and the average number density is 2.58 Â 10 21 m À3 , based on a measurement of 475 loops. The number density is lower than most reported values from previous SS neutron irradiation studies [16, 18, 25, 30] : for SSs neutron irradiated to high-dose (!10 dpa) in the temperature range of 375 Ce400 C, previous studies have reported that the Frank loop density to be in the range of~9 Â 10 21 m À3 to 3 Â 10 22 m À3 .
For solution annealed Ti-modified austenitic SS JPCA irradiated at 400 C to 34 dpa in High Flux Isotope Reactor (HFIR) [16] , the loop diameter is 12.3 nm and loop concentration is 2.4 Â 10 22 m À3 , the cavity diameter is 2.6 nm and cavity concentration is 2.9 Â 10 23 m À3 , and corresponding swelling is 0.25%.
In one study [18] on solution annealed (SA) 304 SS, the Frank loop diameter was 7.0 nm and loop density was as high as 7.7 Â 10 22 m À3 for irradiation in BOR-60 reactor at 330 C to 40 dpa, and the Frank loop diameter was 12.4 nm and loop density was 3.3 Â 10 22 m À3 for irradiation in EBR-II reactor at 375 C to 10 dpa.
In another study [30] , 304 SS was irradiated at two different dose rates at similar temperatures: one irradiated to 3.1 dpa at 7.9 Â 10 À7 dpa/s at 392 C and the other one irradiated to 2.6 dpa at 0.8 Â 10 À7 dpa/s at 371 C. It was found that the size of Frank loops was similar, 17.5 nm for the high dose rate one, and 16.0 nm for the low dose rate one. However, the Frank loop density varied by a factor of two: 1.45 Â 10 22 m À3 for the high dose rate one, and 7.0 Â 10 21 m À3 for the low dose rate one. The size of voids was also similar (~5.0 nm in diameter), but the number density of voids of the high dose rate one was 4 Â 10 21 m À3 , much higher than that of the low dose rate one, which was 7 Â 10 20 m À3 .
It is apparent that compared to previous studies at similar temperatures, the Frank loops we found are about five times larger (50.5 nm vs~10 nm) in size and the number density is only about one fifth to one tenth of the values reported in previous studies (2.58 Â 10 21 m À3 vs 7.0 Â 10 21 e3.3 Â 10 22 m À3 ). The differences should be largely due to the much lower dose rate of the SURV samples. As pointed out in previous study on SURV-5 samples, the peak dose rate of 2 Â 10 À8 dpa/s is about one to two orders of magnitude lower than typical accelerated reactor irradiation [27] .
Previous studies [43e45] of dose rate effects on the microstructural evolution have found similar dose rate dependence of dislocation loops, e.g. higher loop number density and smaller loop size with increasing dose rate. For high energy electron irradiation, Kiritani [43] predicted a 4 1=2 dependence of loop number density, and a 4 À1=2 dependence of the loop size, where 4 is the flux. The dose rate dependence comes from the fact that with increasing dose rate, point defect generation rate increases, which leads to enhanced defect mutual recombination and consequently suppressed loop growth [45] . The importance of mutual recombination implies that the system is in the recombination-dominant regime, which is consistent with the observed relatively low density of defect sinks in 304 SS, and is also consistent with previous findings [45] that recombination regime covers~400 C irradiations for austenitic SSs.
Similar rel-rod DF imaging technique was used to characterize the Frank loops in irradiated X-750. Fig. 4 (a) and (b) shows the Frank loops on ð111Þ and ð111Þ planes, respectively. Again, the Frank loop distribution on ð111Þ and ð111Þ planes were found to be similar. The corresponding loop size distribution histogram is shown in Fig. 4 (c) . Compared to 304 SS, the Frank loops in X-750 are much smaller, with an average size of 26.0 nm and a standard deviation of 12.4 nm, and the average number density is 9.44 Â 10 21 m À3 , based on a measurement of 289 loops.
Radiation-induced cavities
The radiation-induced cavities in irradiated 304 SS were found uniformly distributed in the matrix, as shown in the STEM BF and HAADF images in Fig. 5 (a) and (b), together with the size distribution histogram in Fig. 5 (c) . Based on a measurement of 97 cavities, the average cavity size is 19.2 ± 4.0 nm (diameter) and the number density is 2.87 Â 10 20 m À3 . The corresponding swelling is only 0.11%. The previous study [27] on lower dose SURV 304 SS reported very slightly (~0.38%) drop in density. Considering the uncertainty of density measurements, comparison of SURV-5 (neutron fluence 3.2 Â 10 22 n/cm 2 ) and SURV-10 (neutron fluence 6.9 Â 10 22 n/cm 2 ) results show no accelerated swelling happened. There are two possible reasons for observed low swelling: one is that the swelling of 304 SS is still in the early transient regime, and the other one is that the system in a recently found steady-state swelling regime with a swelling rate of only~0.07%/dpa [13] . This low rate steady-state swelling regime is expected under low temperate and low dose rate irradiation conditions. STEM-EDS mapping was used to investigate the elemental distribution. Fig. 6 shows the STEM-BF image together with corresponding elemental maps. It is clear that the cavity-matrix interface is enriched in Ni, and depleted in Fe and Cr. Fig. 6 (d) also clearly shows that Ni is enriched at the dislocation loops. Although Si and Mn counts are relatively low, it can still be seen that Si follows similar enrichment behavior as Ni, and Mn follows similar depletion behavior as Fe and Cr. The enrichment of Ni at a dislocation loop and a void is quantitatively shown in the line scans in Fig. 6 (g) and Fig. 6 (h) , respectively. In Fig. 6 (g) , Ni enriched by~6.9 at.% at the dislocation loop. In Fig. 6 (h) , Ni enriched by~7.9 at.% and 5.1 at.% at the two void-matrix interfaces. In addition to Ni and Si enrichment at cavity-matrix interfaces and dislocation loops, some Ni,Si-rich particles are also found in the EDS maps in Fig. 6 , although they are almost invisible in STEM BF images. In order to better quantify the composition of the Ni,Si-rich precipitates, multivariate statistical analysis (MVSA) using nonnegative matrix factorization (NMF) method in multi-dimensional data analysis toolkit HyperSpy was employed [46] . The results before and after NMF are shown in Fig. 7 . The NMF method successfully separated out the Ni,Si-rich phase, as demonstrated by the EDS spectra in Fig. 7 (f) . It is easy to see that the Ni,Si-rich phase basically only contains Ni and Si. Based on NMF and Cliff-Lorimer (C-L) quantification method, the Ni,Si-rich phase has a Si concentration of about 5.7 at.%. These Ni,Si-rich particles are somewhat different from the Ni 3 Si (also known as g') phase found in neutronirradiated 316 SS and its variants in several previous studies [8, 12, 20, 22, 26, 32] , and no superlattice reflections were found. The necessity of MVSA can be quickly appreciated by the results in Fig. 7 . The line scan over a Ni,Si-rich precipitate in Fig. 7 (g) is based on the collected raw EDS spectrum before NMF. The region between~62 and~98 nm is the Ni,Si-rich precipitate. It can be seen that at the center of the precipitate, the peak Ni and Si concentration is about 18.0 at.% and 0.8 at.%. In contrast, the results after MVSA clearly shows the precipitate basically only contains Ni (~94 at.%) and Si (~5.7 at.%). Without MVSA, significant amount of signal from the matrix compromises the quantitative EDS analysis and one would incorrectly think that the precipitate still contains significant amount of Fe and Cr.
Compared to irradiated 304 SS, the cavities in irradiated X-750 are much smaller in size and lower in number density. Different from the multifaceted cavities in 304 SS, the ones in X-750 are basically of globular shape, which could be due to their small size. Fig. 8 (a) and (b) are the STEM BF and HAADF image showing the cavities in irradiated X-750, together with the size distribution histogram in Fig. 8 (c) . Based on the measurement of 76 cavities, the average cavity size is 14.5 ± 4.5 nm (diameter), and the average number density is 2.74 Â 10 19 m À3 .
Little data on the swelling of X-750 under neutron irradiation is currently available. An early work on X-750 neutron-irradiated tõ 0.4 dpa reported some 1.5e8 nm cavities in the matrix, but the number density was not reported [47] . Based on the cavity size and number density, the swelling of irradiated X-750 investigated in current study is merely 0.0044%. Previous study on lower dose SURV X-750 samples reported no swelling at a neutron fluence of 3.2 Â 10 22 n/cm 2 [27] . Together, X-750 shows exceptional swelling resistance. It is known that the helium atoms can be produced from the two-step transmutation reaction of nickel: 58 Ni(n,g) 59 Ni(n,a) 56 Fe [17, 48] . The helium content in irradiated 304 SS and X-750 can be estimated based on the EBR-II neutron spectrum. The average He/ dpa ratio is about~0.25 appm/dpa for 304 SS in the EBR-II reflector [17] , and this number should be a good approximation for 304 SS in row 12. The estimated helium levels in 304 SS and X-750 are~6.0 appm, and~47.0 appm, respectively. Assuming all the helium atoms are only present in the cavities and the average distance between helium atoms is comparable to the lattice constant of the matrix, the swelling would be on the order of 0.0006%, which is way below measured 0.11% swelling. Therefore, the cavities in 304 SS should be voids. Under similar assumption, the swelling of X-750 would be on the order of 0.0047%, which is close to the measured swelling of 0.0044%. Therefore, the cavities in X-750 could be helium-filled cavities.
g' precipitates In irradiated X-750
As mentioned previously, a significant number of precipitates were found in irradiated X-750. These precipitates were further characterized using STEM-EDS. As shown in the HAADF image in Fig. 9 (a) and element maps in Fig. 9 (b)e(h), these precipitates are enriched in Ni, Ti, and Al, which is consistent with the Ni 3 (Ti,Al) g' precipitates commonly found in nickel-base alloys. As shown in Fig. 11 , TEM diffraction patterns were used to confirm that these precipitates are indeed g' precipitates. Fig. 9 also shows that coarse g' precipitates were found at high-angle grain boundaries (HAGBs), but not at S3 twin boundaries. Several coarse precipitates at HAGBs also contain Nb.
In order to confirm the 3:1 stoichiometry of the Ni 3 (Ti,Al) g' precipitates in X-750, similar MVSA using NMF was carried out. The results are shown in Fig. 10 , in which there are three phases: the matrix, the Cr-rich carbide phase at grain boundary, and the Ti,Alrich phase. The EDS spectrum of the Cr-rich carbide and the Ti,Alrich precipitates were successfully separated using the NMF method, as demonstrated in Fig. 10 (f) and (g).
Based on the spectrum obtained from NMF and C-L quantification method, it was found that the measured composition of the Ti,Al-rich precipitates is about 74.7 at.% Ni, 22.9 at.% Ti, and 2.3 at.% Al. The Ni: (Ti þ Al) ratio is very close to 3, indicating that these precipitates are indeed Ni 3 (Ti,Al), and their Ti content is much higher than Al content.
A previous ion irradiation study [36] has shown that the superlattice reflections of g' precipitates in X-750 disappeared after in situ heavy ion irradiation to very low doses at temperatures below 400 C, indicating that g' precipitates underwent disordering/dissolution. Fig. 11 shows the TEM diffraction patterns of g' precipitates in different grains at different orientations. It was found that, although very weak, the superlattice reflections are still present in all cases, indicating that the g' precipitates in X-750 have not undergone significant disordering, even after high dose (~24.15 dpa) fast neutron irradiation at relatively low temperature (~371e389 C). Our results show that under low dose rate neutron irradiation at 371e389 C, the radiation-enhanced back diffusion is strong enough to compete with ballistic mixing caused by cascade damage, leading to relatively stable Ni 3 (Ti,Al) g' precipitates in X-750. However, the much lower Ni and Si content in 304 SS makes it more difficult to form and maintain silicon levels of Ni,Si-rich precipitates against ballistic mixing. The SURV program started too long time ago and due to the unavailability of the archive X-750 samples, the original size of the g' precipitates is unknown. Therefore, it is not clear whether these g' precipitates found in irradiated X-750 are bigger or smaller than the unirradiated ones. As predicted by previous modeling studies [49e51] on the stability of precipitates, the equilibrium size (if exists) of precipitates under irradiation is determined by the competition of ballistic mixing and radiation-enhanced back diffusion, and could be either bigger or smaller than the original size. In addition, although these g' precipitates have not been dissolved by neutron irradiation and the basic crystal structure was unchanged, it was found that the g' precipitates contains significant amount of dislocation loops, as shown in Fig. 2 .
Conclusions
Examination of the irradiation performance of legacy specimens generated from past irradiation programs using state-of-the-art characterization techniques can provide critical data and help address the materials challenges facing the development of advanced fast reactors. This study investigated two reactor structural materials, 304 SS and nickel-base alloy X-750, from the highest dose (SURV-10) of the EBR-II SURV program that initiated in 1960s. After being irradiated in the EBR-II reactor at low dose rates (~2Â10 À8 dpa/s) to 24.15 dpa at~371e389 C, a series of microstructural modifications in 304 SS and nickel base alloy X-750 were identified and characterized:
1. Dislocation loops. The dislocation structure was found to be dominated by Frank faulted loops in both 304 SS and X-750. For 304 SS, a strong dose rate effect was observed: the Frank loops after long-term low dose rate neutron irradiation are much larger in size and much smaller in number density, compared to previous higher dose rate neutron irradiation results. 2. Cavities. Even though cavities are commonly found in both 304 SS and X-750, the overall swelling of both alloys is minimal (0.11% in 304 SS and 0.0044% in X-750). An estimation of the helium content in 304 SS and X-750 indicate the cavities in 304 SS are voids, whereas the cavities in X-750 could be helium bubbles. 3. Precipitates. In 304 SS, apparent enrichment of Ni and Si was found at the cavity surfaces. In addition, Ni,Si-rich precipitates with a Si content of~5.7 at.% (after non-negative matrix factorization) were also found in 304 SS. In X-750, significant amount of Ni 3 (Ti,Al) g ' precipitates were identified using STEM-EDS and TEM diffraction. The 3:1 stoichiometry was confirmed using non-negative matrix factorization and Cliff-Lorimer quantification. In contrast to previous studies on X-750 that found dissolution of g ' precipitates under even low dose ion irradiation, current findings indicate that under neutron irradiation, these g ' precipitates are more stable than expected. The difference could be due to low dose rate of neutron irradiation.
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